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(57) Novel sDicon-containing organic f luoropolymers which are appliable to materials over a wide range and which 
have excellent antifouling property. The silicon-containing organic fluoropolymer of the invention is represented by the 
general formula and has a number average molecular weight of from 5x10^ to 1x10^: 
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wherein Rf represents perfluoroalkyl; Z represents fluoro or trifluoromethyi; a, b, c. d and e each independently repre- 
sent 0 or an integer of 1 or above, provided that a + b-hc + d + eisnot less than 1 and the order of the repeating units 
parenthesized by subsaipts a, b, c, d and e occun^ing in the formula is not limited to that shown; Y represents hydrogen 
or alkyl containing 1 to 4 carbon atoms; X represents hydrogen, bromo or iodo; represents hydroxy or a hydrolyzable 
substituent group; R^ represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; m represents 1 , 
2 or 3; and n represents an integer of 2 or above. 
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Description 



TECHNICAL FIELD 



5 The present Invention relates to a novel silicx)n<containmg organic f luoropolymer never heretofore described in the 
literatures, and to use thereof. More particularly, the present Invention relates to a silicon-containing organic f luoropol- 
ymer that has excellent solvent resistance and chemical resistance and Is very effective in preventing fouling of the sur- 
faces of various substrates, and to use thereof. 

10 BACKGROUND ART 

A variety of organic f luoropolymers comprising a perfiuoropolyether chain have unique functional characteristics 
such as water and oil repellency and low refractive index as well as excellent heat resistence and chemical resistance. 
They are thus known as polymers of great value added and finding aii^ications in a broad range. 
15 Meanwhile, silane compounds represented by the general formula; BSi(R)^rDr [wherein B represents an organic 
residue reactive to organic compounds including polymers; D represents halogen or alkoxy; R represents alkyi; r rep- 
resents 1 , 2 or 3] are generally known as silane coupling agents and have been used as surface-treating agents for var- 
ious materials. In addition, the above moiety-terminated polymers are known to undergo hydrolysis by water at room 
temperature, thereby progressing condensation polymerization or crossllnking for curing ^nc^opedia of Chemical 
20 and Technology, Vol. 12, pp. 464 to 569, 1970]. 

Also known are attempts to modify organic fluoropolymers with such silane compounds. For exarnple, f luorosill- 
cone. f luoroolefin-vinylsilane copolymers, a,ci>-bis(dia!kylchlorosilyl)polyfluoroalkanes, etc. can be mentioned as exam- 
ples (Journal of Polymer Science, Part-A. Vol. 10, Na 3, pp. 947 to 953]. 

Japanese Kokal pubiteation Hel-1 -294709 discloses an organic fiuoropdymer containing such a vinylsilane unit. 
25 This polymer, which has both water repellency and antifbuling property, is claimed to be used effectively, for example, 
in an automotive outside plate coating. 

Japanese Kokai Publication Hei-5-339007 disdoses a fluorine-containing organosilicon compound as an exanrple 
of application of said silane conpound to an organic f luoropolymer. This compound is characterized in that said silane 
compound is linked to a perfiuoropolyether chain of an organic f luoropolymer and that the carbon atom to which said 
30 silane compound Is bound Is lodinated. This compound, which has low surface energy, is said to be of value as a mate- 
rial fa the production of textile finishing agents» mold releasing agents, release agents or antifouling paints. 

However, tiie silane compound-containing organic fluoropolymers so far known are not suffidentiy antifouling 
because only one reactive silicon atom is available at the terminus of the perfiuoropolyether chain. The term "antifoul- 
ing" is used herein to mean both property to reject deposition of fouling matter and property to readily release a depos- 
es ited fouling matter on washing. 

Meanwhile, metal, glass and plastic materials are in broad use as a substrate of automotive parts. OA equipments, 
household electrical appliances, and among other applications. The exposed suriace of tiiose substrates tend to be 
contaminated by deposits of ttie airt)orne dust particles in tiie car interior or tiie office or other room, by oily substances 
originating from food or machine oil. or by fingerprints on handling. Therefore, those substrates must be somehow pro- 
40 tected against such fouling and, in addition, rendered ready to wipe off fouling and other deposits. 

As an antifouling technology for a glass surface. Japanese Kbkal PulDlication Hei-1 -126244 and other literatures 
disclose a metiiod which comprises coating a glass sur^ce directiy with a polymer material such as polydimethylsi- 
loxane or dipping the substrate in such a treating agent for forming a film. Anotiier technology is also known for forming 
a fluorine-containing unimolecular film on a glass surface by diemisorption. 
45 As an antifouling technology for a metal surface. Japanese Kbkoku Publication Hei-7-53913 discloses a method 
which oonrprises forming a chromate layer containing a silica sol type silane coupling agent on top of a usual galvanized 
steel surface and then forming a thin top film using an isocyanate coating composition tiiereon to provide an organic 
composite-plated steel sheet. 

However, tiiose conventional ti'eatments are not suffk;ientiy effective in protecting substrates against attachment of 
so oily contaminants. Moreover, tiie substrate surface, which are directly touched by hand, are liable to be contaminated 
by fingerprints, which cannot be easily wiped off. 

Furtiiermore. those antifouling properties Is drastically handicapped under severe conditions such as outdoor 
exposure so that those technologies are not fully satisfactory in terms of weatherability. In addition, tiie inevitable use 
of an expensive fluorine-containing organic solvent In a large amount is a drawback from the standpoint of production 
55 cost- 
Meanwhile, tiie surface of substrates used in mobile equipment such as motor vehicles, rolling stock, aircraft, ships, 
eta, and home and other buildings are exposed to wind and rain during their use. Moreover, in districts frequented by 
heavy snowfialls or extremely cold climates, particularly in winter months, this surface remain directly exposed to snow 
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and ice for a long time. Furthermore, in special establishments such as cold experiment facilities and certain household 
electrical appliances such as refrigerators, too. their members are partly exposed to very low temperatures so that 
waterdrops and moisture in the air are deposited as Ice. 

When ice is deposited on the surface of car substrate, its functions are adversely affected. Taking a windshield 
5 glass as an example, idng interferes with the driver's sight and may cause an accident. When ice is deposited on cer- 
tain members of the refrigerator and so on, its cooling efficiency is sacrificed to increase a waste of electric energy. 

Japanese Kbkai Publication Hei-3-158794 discloses a technology for performing an antifbgging treatment, which 
comprises forming a hydrophiltc film. 

Japanese Kbkai Publication Hei-1 -1 26244 discloses a technology for imparting water repellency to a glass surface, 
10 which comprises coating the surface directly with an organosilicone compound such as polydimethylsiloxane or dipping 
it In such a treating agent for forming a film. 

Japanese Kbkai Publication Hei-4-338147 and Japanese Kbkoku Publication Sho-63-24554 disclose a technology 
for imparting water repellency to a glass surfece, which comprises forming a f luoroalkyl-containing silicon oxide film on 
the surface by chemlsorption or in a sol-gel process using a f luoroalkylsilane compound. 
15 However, said antifogging treatment conprising formation of a hydrophiltc film is not effective in preventing deposi- 
tion of Ice, In said technology which comprises forming an organosilicone compound film on a glass surface, there is 
much possibility that this film will be exfoliated in its use because this film is not chemically bound to glass. It is tiius poor 
In durability. Said technology which comprises fomriing a fluoroalkyl-containing silicon oxide film on a glass surface 
insures sufficient durability but ^Is to provide necessary lubricity. Moreover, those technologies as used independentiy 
20 or in combination are not effective in preventing Idng even if water repellency is secured. 

For preventing idng, it is necessary in the first place to insure that icing will not occur or be hard to occur on a sub- 
stratid surface In question. However, it is also important to make it easy to remove deposits of ice once formed, in view 
of the fact that considerable difficulties are involved in removing deposits of ice once formed. Therefore, an anti*ldng 
agent is in demand, whk;h is not only capable of preventing icing itself but allows deposits of ice to be removed with 



On tiie other hand, glass, which possess high optical transmission, insulation property and ornamental character- 
istic, have been used in a variety of applications such as residential window panes and other architectural members, 
vehide members such as car and rolling stock, windshield members for ships and airplanes, among others. In those 
applications* glass is used in places exposed to tiie outdoor environment and is often exposed to rain or come in contact 

30 with seawater or contaminated water. Moreover, windshieki glasses of cars and so on necessitate an Important function 
to secure clear sight For maintaining sufficient optical transmission, the glass itself has been required to have the prop- 
erty to repel rainwater or the like (ttiis property is referred to as water repellency in this specification). 

However, in said technology which comprises forming an organosilicone compound film on a glass surface, there 
is much possibility that this film will be exfoliated in its use because tills film is not chemically bound to glass. It is thus 

35 poor In durability. Said technology which conprises forming a f luoroalkyl-containing silicon oxide film on a glass surface 
insures suffldent durability but foils to provide necessary lubricity and antrtaddness. For Instance, when the treated 
glass is used as the windshieki of a car. the wipers will emit a beeping noise. 

SUMMARY OF THE INVENTION 



The first aspect of the present invention, in view of tiie above-desaibed state of the art. has for its object to provide 
a novel silicon-containing organic f luoropolymer which is appliable to materials over a wide range and which has excel- 
lent antifbullng property. 

Thus, the first aspect of the present invention is directed to a silicon-containing organic f luoropolymer represented 
45 by the general formula (Q, which comprises having a nunnber average molecular weight of from 5x1 to 1x1 0^: 



25 ease. 



40 



50 



55 



4 



EP0844265A1 



Rf — (OCFaCFjCT^, — / OpfCFaN — (0CF2)c — • 

\ CF3 A 




wherein Rf represents perfluoroalkyl; Z represents f luoro or trrf luoromethyl; a, b, c» d and e each independently repre* 
sent 0 or an integer of 1 or above, provided that a + b -i- c + d + e is not less than 1 and the order of the repeating units 
parenthesized by subscripts a, b, c. d and e occurring in the formula is not limited to that shown; Y represents hydrogen 
or alkyl containing 1 to 4 carbon atoms; X represents hydrogen, bromo or iodo; represents hydroxy or a hydrolyzable 
substrtuent groif); represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; m represents 1» 
2 or 3; and n represents an integer of 2 or above. 

The second aspect of the present invention, in view of the above-described state of the art has for its object to pro* 
vide an antifbuling substrate which is highly resistant to oily fouling matter, particularly fingerprint 

Thus, the second aspect of the present invention Is directed to an antitoullng substrate which comprises a substrate 
and. as formed on the surface thereof, a layer of a silicon-containing organic f luoropolymer represented by the general 
formula (Ix) and having a number average molecular weight of from 5x10^ to 1x10^: 




wherein Rf represents perfluoroalkyl: Z represents fluoro or trrf luoromethyl: a. b. c, d and e each independentiy repre- 
sent 0 or an integer of 1 or above, provided that a + b + c -1- d + e is not less than 1 and the order of the repeating units 
parenthesized by subscripts a, b. c. d and e occuning in the formula is not limited to that shown; Y represents hydrogen 
or all^l containing 1 to 4 carbon atoms; X represents hydrogea bromo or iodo; represents hydroxy or a hydrolyzable 
substituent groip; R^ represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; m represents 1 , 



EP0844 265A1 

2 or 3; and n^^ represents an integer of 1 or above. 

The third aspect of the present invention, in view of the above<lesaibed state of the art. has for its oksject to provide 
a surface-treating method for imparting sufficient and long-lasting antifbuling property and sufficient weatherabirity to a 
suk)strate. 

5 Thus, the third aspect of the present invention Is directed to a surface-treating method for a substrate, which com- 
prises coating the substrate surface with a treating solution comprising (1) a silicon-containing organic fluoropolymer 
represented by the above general fomnula (Ix), (2) a fluorine-containing organic solvent and (3) a silane compound 
[excepting said silicon-containing organic fluoropolymer (1)]. 

The fourth aspect of the present invention, in view of the above-described state of the art, has for its object to pro- 
10 vide a surface-treating composition for imparting sufficient and long-lasting antifouling property and sufficient weather- 
ability to a substrate, which has an economic advantage. 

Thus, the fourth aspect of the present invention is directed to a surface-treating composition which comprises (1) a 
silicon-containing organic fluoropolymer of the above general fonnula (Ix). (2) a fluorine-containing organic solvent and 
(4) an organic solvent [excepting said f torine-containing organic solvent (2)]. 
IS The fifth aspect of the present invention, in view of the above-desaibed state of the art, has for its object to provide 
an anti-idng agent which is effective in pr»^enting deposition of Ice. 

Thus, the fifth aspect of the present invention is directed to an anti-icing agent which comprises a silicon-containing 
organic fluoropolymer represented by the above general formula (Ix). 

The sixth aspect of tiie present Invention, in view of the above^Jescrlbed state of tiie art, has for its object to provide 
20 a glass member having not only sufficient durability, surface lubricity and suriace antitackiness but also excellent water 
repellency. 

Thus, the sixth aspect of the present invention is directed to a water-repellent glass member which comprises a 
glass substrate and, as formed on the glass surface, a layer of a silicon-oontaining organic fluoropolymer represented 
by the above general formula (Ix). 

DETAILf D DESCRIPTION THE INVENTION 

The first aspect of the present invention is now described In detail. 

The Rf in the above general formula (0 representing said silicon-containing organic fluoropolymer according to the 
30 first aspect of the Invention is virtually any perf luoroalkyi group capable of being a constituent of an organic fluoropoly- 
mer. It includes but Is not limited to straight-chain or branched perf luoroalkyi groups containing 1 to 16 carbon atoms. 
Prefen-ed are CF3-, C2F5-, and C3F7-. 

The Z in tiie above general formula (I) may t>e whichever of f luoro and trif luoromethyl. 
The a, b. c. d and e in the above general formula (I) respectively represent the numbers of repetitions of the per- 
X fluoropolyether units constituting the main chain of the silicon-oontaining organic fluoropolymer according to the frst 
aspect of the present invention. They are not limited provkled tiiat tii^ each independentiy represent 0 or an integer of 
1 or above and that a + b + c -•• d -i- e is not less than 1 . Each of tiiem is preferably 0 to 200. Each of them is more pref- 
erably 0 to 50, taking into consideration the number average molecular weight of tiie silicon-containing organic fluor- 
opolymer according to the first aspect of tiie invention, which is to be described hereinafter. The a + b + c-fd + els 
40 preferably 1 to 100. 

The order of the repeating units parenthesized k)y subscripts a, b, c, d and e occuning in the above general formula 
(I) is only presented for convenience's sake; however, in view of tiie conventional anangement of perfluoropolyelher 
chains, tiie order of combination of those repeating units is not limited to the above order. 

The Y in tiie above general fonnula (I) represents hydrogen or alkyl containing 1 to 4 carbon atoms. There is no 
45 particular limitation on said alkyl containing 1 to 4 carbon atoms but it can include methyl, ethyl, propyl, butyl and the 
like, regardless of whettier straight-chain or branched. The X in the above general formula (0 represents hydrogen, 
bronru) or ioda When the X is bromo or iodo. the silicon-containing organicftuoropolymer shows enhanced radical reac- 
tivity; ttierefore. this is advantageous in causing it to be linked to otiier compounds by chemical bonding. 

The I in the above general formula (I) represents the number of carbon atoms of the alkylene group interposed 
so between the terminal cartxm atom of the perf luoropolyether chain and the silicon atom. It represents 0. 1 or 2. prefera- 
WyO. 

The m in the above general formula (I) represents the number of the substituent R*^ bound to silicon in tiie silicon- 
containing organic fluoropolymer according to tiie first aspect of tiie inveifition. It represents 1. 2 or 3. The substituent 
R^ is bound to said silicon in its valence position or positions in which the R'' Is not present. 
S5 The R^ represents hydroxy or a hydrolyzaWe substituent. There is no particular limitation on species of said hydro- 
lyzaWe substituent Pretended, however, are halogen, -OR^. -OCOR^, -0C(R^)=C(R*)2. -0N=C(R^)2 and -ON=CR^ 
(wherein represents an aliphatic hydrocarbon group or an aromatic hydrocari3on group; R^ represents hydrogen or 
an aliphatic hydrocarbon group containing 1 to 4 carbon atoms; and R^ represents a bivalent aliphatic hydrocarbon 
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group containing 3 to 6 carbon atoms), among others. More preferred are di!oro. -OCH3 and -OC2H5. 

The represents hydrogen or a monovalent hydrocart>on groupi There is no particular limitatiQn on species of 
said monovalent hydrocart)on group. It preferably Includes but is not limited to monovalent alqahatic saturated hydrocar- 
bon groups such as methyl, ethyl, propyl and butyl, inclusive of both straight-chain and branched groups. 

The number average molecular weight of the silicon-containing organic f luoropolymer according to the first aspect 
of the present invention is 5x10^ to 1x10^. If it is less than 5x10^, the polymer will be laddng in characteristics of a pol- 
ymer and of no practical use. On the other hand, if it exceeds 1x10^ the polymer will be of poor processability. There- 
fore, the above range should be adhered to. The preferred number average molecular weight is 1x10^ to 1x10'*. 

The essential feature of the first aspect of the present invention resides in the number of the n in the above general 
formula (1). The n in the general formula (I) represents the number of reactive silicon atoms contained in the silicon-con- 
taining organic f luoropolymer according to the first aspect of the invention. In the first aspect of the invention, the n rep- 
resents an integer of 2 or above. If it is not greater than 1 , antifbuting property as the unique effect of the first aspect of 
the invention will not be sufficiently expressed. Therefore, the n should be limited to 2 or above. There is no particular 
upper limit to the number of the n only if it is 2 or above but the prefenred number is 2 to 10. 

The sirKX)n-contalnlng organic f luoropolymer according to the first aspect of the present invention is available as a 
mixture when a conventional production technology is used for its production. The parameter g in the following general 
formula (la) represents the number of reactive silicon atoms contained in a mixture of the silicon-containing organic 
f luoropolymers according to the first aspect of the invention. In tiie mixture of the silicon-containing organic f luoropoly- 
mer (according to the first aspect of the invention, tiie g represents 0 or an integer of 1 or above and the mean value of 
the g in said mixture is greater than 1 . If tiie mean value of the g is not greater than 1. the antifbuling property of the 
polymer will be poor in use as an antifbulant Therefore, it should l>e in excess of 1 . The preferred mean value of the g 
is 1 .3 to 3 and the particularly prefen-ed one is 1 .5 to 2.5. 




m — (OCF2CF2)d OCT (CT2)e ^ CH2— C 




X 



The prefenred silicon-containing organic f luoropolymer for use in the first aspect of the present invention includes, 
for example, a polymer represented by ttie following general formula (II): 
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CjF, — (OCF2CF^2)p — O — (CF^ —f- CHj C 



10 



IS 



(n) \ (R2)3.„ 




wherein p represents an integer of 1 or alDove; Y, X. R\ R^, I. m and n are the same as defined above. 

The prefenred mixture off the silicon-containing organic fhioropolymers in the iirsX aspect of the present invention 
includes, for exanrple. a mixture of polymers represented by the following general formula (lla): 

20 



25 



30 



CjF7 (OCF2CF2CF2)p — O — {CFTh-j-^z — C 




(Da) 

35 

wherein p represents an integer of 1 or above; Y X. r\ R^. I. m and g are the same as defined above. 

TTie p in the above general formula (li) and (lla) is not particularly limited only if it is an integer of 1 or above. It is 
40 preferably 1 to 200. It is more preferably 1 to 50. taldng into consideration the number average molecular weight of the 
silicon-containing organic f luoropolymer according to the first aspect of the invention. 

The silicon-containing organic f luoropolymer according to the first aspect of the invention can be typically obtained 
from an ordinarily commerdal perf luoropolyether by, for example, iodinating its terminus and then, for example, reacting 
it witii a vinylsUane compound represented by tiie fbllowing general fbnmula. wherein Y, R^ . R^, I and m are as the same 
45 defined above. 



Y 
I 

so OT2=C 
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The silicon-containing organic f luoropdymer according to the first aspect of the Invention can be used as a univer- 
sal sealant, coating agent, coupling agent or the like in the fields of housing members and autonxrtive parts. Further- 
more, for surface-antifouling purposes, it can be applied advantageously to various substrates such as optical lenses, 
5 spectacle lenses, glass products, metallic parts, ceramic products and organic products. 

To the silicon-containing organic fluoropolymer according to the first aspect of the invention can be added in use 
finely divided powders of fillers such as silica, alumina, titanium dioxide, cartoon, cem^t. etc.; alkoxides of titanium, alu- 
minum, silicon, etc.; or fluororesins such as taw-molecular-weight polytetrafluoroethytene. tetrafluoroethylene^iex- 
af luoropropylene copolymer, etc. as a hardness regulator or extender. In addition, a conventional crosslinldng agent 
10 may he added for regulating hardness. 

The substrate surface can be coated with the silicon-containing organic fluoropolymer for forming a layer from said 
silicon-containing organic fluoropolymer. The coating technology used includes but is not limited to spray coating, spin 
coating, dip coating, roD coating, gravure coating, and curtain flow coating, among other coating techniques. 

Dilution of the polymer with a solvent beforehand makes coating easier There is no particular limitation on species 
15 of said solvent used for this purpose. For example, perfluorohexane, perf iuoromethylcyclohexane. pert luoro-1 .3<limeth- 
ylcyctohexane. dichloropentafluoropropane (HCFC225). etc. can be mentioned. 

The second aspect of the present invention is now desaibed in detail. 

The substrate to which tiie antifbuling substrate of tt)e second aspect of the invention can be applied Includes but 
is not limited to glass, resin, metal, ceramics, wood, porcelain, stone and leather. 
20 Said glass substrate includes virtually all kinds of glass for use as show windows, minors, water tanks, window 
glass panes, cupboard shelves, glass cases, etc. 

There is no particular limitation on said resin substrate. Thus, not only natural resins but also syntiietic resins are 
included. Said natural resin includes but Is not limited to cellulose and JapKEUiese lacquer. Said synthetic reslh Includes 
but is not limited to polyamide resin, pdyaaylate resin, poly(amide imide) resin. poly(vinyl acetate) resin. poly(vinyl 
25 chloride) resin, phenolic resin, urea resin, melamine resin, epoxy resin, and polyester resin. 

There is no particular limitation on species of said metal. For example, iron, zinc, lead, copper and aluminum can 
be mentioned. 

In accordance with the second aspect of tfie invention, a layer of the silicon-containing organic fluoropolymer. which 
is represented by said general formula (Ix) and has a number average nrnlecular weight of from 5x10^ to 1x10^ is 
30 formed on the sinl^ce of said substrate. 

The Rf in ttie above general formula (Ix) may be substantially any perfluoroalkyi group ordinarily constituting an 
organic fluoropolymer. It can include but is not limited to straight-chain or branched groups containing 1 to 16 carbon 
atoms. Preferred are CF3-. C2F5-. and C3F7-. 

The Z in tiie above general formula (Ix) m^ be whichever of fluoro and trifluoromethyt. 
3$ The a, b, c, d and e in the above general forimila (Ix) respectively represent the numbers of repetitions of ttie per- 
fluoro(poly)etiier units constituting the main chain of the silicon-containing organic fluoropolymer according to ttie sec- 
ond aspect of tiie present invention. They are not limited provided ttiat they each independently represent 0 or an 
integer of 1 oraboveandthata + b-f c-f d-f eis not lesstiian 1. Each of them is preferably 0 to 200. Eachoftiien. is 
more preferably 0 to 50, taking into consideration the number average molecular weight of ttie silkx)n-containing organic 
40 fluoropolymer according to the second aspect of the Invention, which is to be described hereinafter. The a -1- b + c + d 
•I- e is preferably 1 to 100. 

The order of the repeating units parentiiestzed by subscripts a, b, c, d and e occuning in ttie above general formula 
(Ix) is only presented for convenience's sake; however, in view of the conventional arrangement of perf luoropolyettier 
chains, ttie order of combination of those repeating units is not limited to ttie above order. 

45 The Y In ttie above general formula (Ix) represents hydrogen or all^l containing 1 to 4 carbon atoms. There Is no 
particular limitation on said alkyl containing 1 to 4 carbon atoms but It can Include methyl, ettiyl, propyl, butyl and ttie 
like, regardless of whetiier straight-chain or branched. The X in ttie above general fbrmula (Ix) represents hydrogen, 
bromo or iodo. When the X is bromo or iodo. tiie silicon-containing organic fluoropolymer shows enhanced radical reac- 
tivity; therefore, this is advantageous in causing it to be linked to other compounds by chemical tx)nding. 

so The I in tiie atxive general fbrmula (Ix) represents the number of cartx)n atoms of tiie alkylene group interposed 
between ttie terminal carbon atom of ttie perf luoropolyettier chain and ttie silicon atom. It represents 0, 1 or 2, pref era- 
blyO. 

The m in the above general fbrmula (Ix) represents ttie number of ttie substituent bound to silicon in the silicon- 
containing organic fluoropolymer according to the second aspect of the present invention. It represents 1 . 2 or 3. The 
55 substituent is bound to said silicon in its valence position or positions in which tiie R^ is not present. 

The R^ represents hydroxy or a hydrolyzable substituent. There is no particular limitation on species of said hydro- 
lyzable substituent Prefenred, however, are halogen, -OR^, -OCOR^ -OC(R^)=C(R% -0N=C(R^2 and -ONasCR^ 
(wherein R^ represents an aliphatic hydrocarbon group or an aromatic hydrocarbon group; R'^ represents hydrogen or 
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an aliphatic hydrocarbon group containing 1 to 4 cartx>n atoms; and represents a bivalent aliphatic hydrocarbon 
group containing 3 to 6 carbon atoms), among others. More preferred are chloro. -OCHs and -OC2H5. 

The represents hydrogen or a monovalent hydrocarbon group. There Is no particular limitation on species of 
said monovalent hydrocarbon group. It preferably includes but is not limited to monovalent aliphatic saturated hydrocar- 
5 bon groups such as methyl, ethyl, propyl and butyl, inclusive of both straight-chain and branched groups. 

The nx in the above general formula (Ix) represents an integer of 1 or above. There is particularly no upper limit oh 
the value of the nx but it is preferably an integer between 1 and 10 in order that the object of the second aspect of the 
invention may be accompfished. 

The n^ represents an integer in the above general formula (Ix); however, the silicon-containing organic f luoropdy- 
10 mer for use in the second aspect of the invention may be a mixture of the polymers of the general formula (Ix) wherein 
nxS represent a plurality of different integers. When the silicon-containing organic f luoropdymer (Ix) is such a mixture, 
the nx can be expressed in mean. The mean value of the nx is preferably 1 .3 to 3 and more preferably 1 .5 to 2.5 in con- 
sideration of the object of the second aspect of the invention. 

The number average molecular weight of the silicon-containing organic fluoropolymer is from 5x10^ to 1x10^. If it 
IS is less than 5x1 0^, the polymer will be lacking In characteristics of a polymer and of no practical usa On the other hand, 
if it exceeds 1 x1 0^, the polymer will be poor m processabllity Therefore, the above range should be adhered to. It pref- 
erably is from 1x10^ to Ixiol 

The preferred silicon-containing aganic fluoropolymer includes but is not limited to a polymer represented by the 
following general formula (llx): 



Y 

I 



25 C3F7 (OCF2CF2CF2)p — O — (CFzh CHj C 

(CH2)^ 
\ Si~(R% 



(IIx) \ (R2) 



3Hn 



wherein p represents an integer of 1 or above; Y, X. R\ R^, I, m and nx are the same as defined above. 

Referring to the above general formula (llx). there is no particular limitation on the value of the p only if it is 1 or 
above. The p is preferably between 1 and 200. It is more preferably between 1 and 50 in consideration of the number 
40 average molecular weight of the silicon-containing organic fluoropolymer according to the second aspect of the Inven- 
tion. 

TTie above silicon-containing organic fluoropolymer can be obtained, for example, by iodinating the terminus of an 
orcGnarily commercial perf luoropolyether and then reacting it with, for example, a vinylsilane conpound represented by 
the following general formula, wherein Y, R\ R^, I and m are the same as defined above. 



Y 

CH2=C 

(CH2)| 
Si-(R'}U 
(RV« 
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To said silicon-containing organic f luoropotymer can be added in use finely divided powders of fillers such as silica, 
alumina* titanium dioxide* cartx>n, cement, etc.; alkoxides of titanium, aluminum, silicon, etc.; or fluororesins such as 
low-molecular-welght polytetrafluorcethylene, tetrafluoroethylene-hexafluoropropylene copolymer, etc. as a hardness 
regulator or extender. In addition, a conventional crosslinking agent may be added for regulating hardness. 
5 The substrate surface can be coated with the silicon-containing organic f luoropolymer for forming a layer from said 
silicon-containing organic fluoropolymer. The coating technology used includes but is not limited to. the various coating 
techniques mentioned for the first aspect of the present invention. 

Dilution of the polymer with a solvent fadlrtates coating. There is no particular limitation on spedes of said solvent 
used for this purpose. For example, the solvents mentioned in connection with the conresponding procedure in the first 
7a aspect of the invention can be employed. 

The thicl<ness of a layer of the silicon-containing organic fluoropolymer In the antifouling substrate according to the 
second aspect of the invention is not particularly critical but is preferably 0.001 to 0.03 ^m. If it Is less than 0.001 |im, 
the antifbuling property may not be sufficient Any layer thickness i^eyond 0.03 fim may be too great for practical utility. 

The glass products* resin products, metal products, ceramic products, etc., which are constituted by the second 
75 aspect of the invention, can be used as parts or members which are liable to be contanvnated. 

The following is a partial list of such parts and members:- 

Household electrical appliance parts such as fan blades, electronic range doors, refrigerator panels, etc.; office 
equpment parts such as copying machine contact glass. OHP body mirror, OHP sheet, keyt)oard, telephone 

20 receiver, desk top. etc.; home appliances and furniture such as glasses, cupboard door, looking glass, window 
panes, lamp shades, chandeliers, etc.; building materials such as show window, telephone box, and water tank 
glass members; vehicle parts such as rolling stock glass, coated surfaces of vehicle bodies, etc.; personal articles 
such as spectacle frames, swimming goggle glass, goggles, helmets, dockface glass, etc.; amusement equipment 
parts and products such as pinball machine glass panels, playing cards, mahjong tiles, etc.; coated surfaces of fur- 

25 niture and pianos; 

Personal accessories such as tie pins, necklaces, pierce-type ear-rings, etc.; metal or metal-plated members such 
as faucets, brasswind and woodwind instruments, golf clubs, door handles, dumbbells, cutters, etc.; ceramic prod- 
ucts such as insulators, tiles, toilet fixtures, tableware, roofing tiles, etc.; stone products such as tombstones, go 
stones, marbles, etc. ; paper products such as wallpaper, saeen-door paper, books, posters, photographs, etc. ; and 
30 leather goods such as wallets, boots and shoes, bags, wristwatch bands, baseball gloves, etc. 

The third aspect of the present invention is now described in detail. 

The surface-treating method according to the third aspect of the invention conprises coating a substrate surface 
with a treating solution comprising (1) a silicon-containing organic fluoropolymer of the above general fornnula (Ix), 

35 which has been explained in the descriptbn of the second aspect of the invention, (2) a fluorine-containing organic sol- 
vent and (3) a silane confound. 

The first component of the above treating solution is a silicon-containing organic fluoropolymer (1) of the above 
general formula (Ix). The nx in sad general formula (Ix) represents an Integer of 1 or above. There Is no upper limit on 
the value of the n^ but it preferably represents an Integer between 1 and 10. In order that the object of the tiiiixi aspect 

40 of tiie invention may be accomplished. 

In the third aspect of the invention, said sflicon-containing organic fluoropolymer (1) may be a mixture of the pdy- 
mers of the above general formula (Ix). When the sificon-containing organic fluoropolymer exists as a mixture, the fix 
can be expressed in mean. The mean value of the rix is preferably from 1 .3 to 3 and mae preferably 1 .5 to 2.5, in con- 
sideration of ttie object of tiie tiiird aspect of tiie invention. 

45 The number average molecular weight of said silicon-containing organic fluoropolymer (1) is preferably from 5x10^ 
to 1x10^. If it is less tiian 5x10^, the desired effect of ttie third aspect of the invention may not be expressed. On the 
other hand, if it exceeds 1x10^, processability may be adversely affected. The more preferred range is from 1x10^ to 
1x10* 

The second component of ttie treating solution for use in ttie surface-treating method according to the ttiird aspect 
50 of ttie invention Is a fluorine-containing organic solvent (2). 

This fluorine-containing organic solvent (2) is not particulariy critical in kind but indudes peif luorohexane. pert luor- 
omettiytcyclohexane. perfluoro-1,3-dimethyteycloh6xane, and HCFC225. among ottier solvents. Particularly preferred 
is HCFC225 in which said silicon-containing organic fluoropolymer (1) is easily soluble and which is readily available. 
The third component of the treating solution for use In ttie surface-treating mettiod according to ttie ttiird aspect of 
55 the invention is a silane compound (3). 

This silane compound (3) is not so critical in kind, afttiough said silicon-containing organic fluoropolymer (1) is 
exduded. Thus, there can be mentioned silicon alkoxides represented by the following general formula (HQ: 
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Si(0R^^)4 (III) 



wherein R^^ represents an aliphatic hydrocarbon group, the cartXMi number of which being not particularly limited; and 
partially hydrolyzed condensation products of the compounds of the above general formula (III). Among them, tetrae- 
5 thoxysilane is particularly prefen^ed in view of its availability. 

The proportion of the above respective components (1), (2) and (3), which are constituting the treating solution in 
use for tiie surface-treatment method according to the third aspect of the invention, is not particularly restricted but the 

(1) :(2) ratio is preferably from 1 :1 to 1 :1 0000 by weight If the proportion of (1) is too large, the viscosity will be increased 
so much as to interfere with handling. If it is too small, ttie antifouling effect will not be suffident. The more preferred 

10 ratio is from 1 :4 to 1 :1000. On tiie other hand, the (1):(3) ratio is preferably in tiie range of from 10:1 to 1 :100 by weight, 
if tiie proportion of (1) is too large, no suff icient improvement will be realized in weatherabiiity. If it is too small, the anti- 
fouling effect will not be sufficient The wore preferred range is from 5:1 to 1 :10. 

To the treating solution of the ttiird aspect of the present invention can be added In use finely divided powders of a 
filler, e.g. silica, alumina, titanium dioxide, carbon, cement, etc.; finely divided powders of an alkoxide of titanium, alu- 
75 minum, or the like; or finely divided powders of a fluororesin, e.g. tow-molecular-weight polytetrafluoroettiylene, 
tetrafluoroethyiene-hexafluoropropylene copolymer, etc., as a hardness regulator or extender. In addition, the neces- 
sary hardness regulation be achieved by adding a conventional crosslinking agent or a cure catalyst, such as water, 
hydrochloric add, sulfuric add, carboxylic adds and sulfonic adds. 

In applying said treating solution according to ttie third aspect of the invention, the substrate surface can be coated 
20 with said treating solution. The coating technique indudes but is not limited to brush coating, spray coating, spin coat- 
ing, dip coating, roll coating, gravure coating and curtain flow coating. 

There is no particular limitation on the thickness of the layer, which is formed from the treating solution in the sur- 
face-treating mettiod according to tiie third aspect of tiie invention. The thickness is, however, preferably in the range of 
from 0.001 to 0.03 If it is less tiian 0.01 ^m, tiie antifouling effect will be insufficient. Conversely if ttie tiiickness 
25 exceeds 0.03 tiie layer will latiier interfere with tiie product function. 

The surface-treating method according to the third aspect of the invention indudes, in addition to the above- 
desaibed mettiod, ttie following method; 

An under-layer, which is formed on the substrate surface from a treating sduti'on (N) comprising ttie silane conv 
pound [exduding tiie silicon-containing organic fluoropolymer (1)] (3), is coated witii a treating solution (M) conprising 
30 said silicon-containing organic fluoropolymer (1) of the general fbnnula (Ix) and ttie fluorine-containing organic solvent 

(2) . 

The silane compound (3) is diluted witfi an organic solvent, e.g. methyl alcohol, ettryl alcohol, isopropyl alcohol, 
ettiyl acetate, acetone, etc.; or water to prepare said treating solution (N) with a specific concentration. This concentra- 
tion Is not so critical but is preferably within the range of from 2 to 80 % by weight If it is less than 2 % by weight, it will 
35 tate a long time for a silica soi to be formed, while the use of a concentration in excess of 80 % by weight will cause an 
excessive viscosity buiki-up to sacrifice workability. 

To said treating solution (N) is added a conventional catalyst, e.g. hydrochlorrc acid, and tiie mixture is altowed to 
stand to give a silica sol. The sol is tiien diluted with sak) solvent to a concemration suitable for coating. There is no 
particular limitation on standing time but it may for example be 2 to 10 days. The concentration after dilution is depend- 
40 ent upon tiie desired tiiickness of tiie under-layer but may for example be 0.2 to 2 % by weight. 

Next, the 6uk>strate surface is coated witti the diluted treating solution (N). Th coating techndogy used indudes but 
is not limited to brush coating, spray coating, spin coating, dp coating, roll coating, gravure coating and curtain flow 
coating. By tiie above procedure, a silanol polymer gel layer is formed on the substrate surface. 

The coated substrate is tiien heated, whereby an under-layer composed predominantly of silicon oxide is obtained. 
45 The necessary heating temperature varies witti kinds of the subsb'ate but may for example be front 1 00 to SOO^'C . There 
Is no particular limitation on heating time, atthough it may for example be in the range of 10 minutes to 3 hours. The 
thickness of the under-layer formed is not particularly critical, eittier, but is generally within ttie range of from 0.05 to 0.1 
\im. 

Thereafter, the under-layer constructed as above on ttie substrate surface is coated with ttie treating solution (M). 
50 The coating technology used for this purpose includes brush coating, spray coating, spin coating, dip coating, roll coat- 
ing, gravure coating and curtain flow coating, among ottier technk^ues. 

The tiiickness off ttie layer formed from saki treating sdution (M) is not particularly critical but is preferably from 
0.001 to 0.03 ^m. If it is less than 0.001 ^m. tiie antifouling effect will not be suffk;lent Any tiitekness beyond 0.03 ^m 
wilt be too great for practical utility. 
55 The suk)stiate to which ttie surface-ti^eating method of ttie third aspect of the invention can be applied with advan- 
tage includes those members that are liable to be contaminated in use. 
The fbltowing is a partial list of such members: 
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Personal accessories such as tie pins, necklaces, pierce-type earrings, etc.; metal or metal-plated members such 
as laucets. brasswind and woodwind instruments, golf clubs, door handles, dumbbells, cutters, etc.; ceramic prod- 
ucts such as insulators, floor tiles, toilet fixtures, tableware, roofing tiles, etc.; stone products such as tombstones, 
go stones, marbles, etc.; paper products such as wallpaper. screenKJoor paper, books, posters, photographs, etc.; 

5 leather goods such as wallets, boots and shoes, bags, wristwatch bands, baseball gloves, etc. 

Household electrical appliance parts such as fan blades, electronic range door, refrigerator panel, etc.; office equip- 
ment parts such as copying machine contact glass, OHP body mtnror, OHP sheet, keyboards, telephone receivers, 
desks, eta; home utensils and furniture such as glasses, cupboard door, looking glass, window panes, lamp 
shades, chandeliers, etc.; building materials such as show window, telephone box. and water tank glass members; 

10 vehicle parts such as roiling stock glass, coated surfaces of vehicle txxjies, etc.; personal articles such as specta- 
cle frame, stvimming goggle glass, goggles, helmet, clockface glass, etc.; anrujsement equipment parts and prod- 
ucts such as pinball machine glass panels, playing cards, mahjong tiles, etc.; coated surfaces of furniture and 
pianos. 



IS The surface-treating method according to the third aspect of the inventton is characterized In that the antifouling 

effect is long-lasting and the treated substrates have sufficient weatherability. so that the following substrates, among 

the above-mentioned substrates, are particularly suited. 

Door handles; ceramic materials such as roofing tiles; stone products such as tombstones, go stones, and marbles; 

copying machine contact ^ass; window panes; vehicle parts such as roiling stock glass and coated suriaces of vehi- 
20 des; and amusement products and goods such as pint>all machine glass panels, playing cards, mahjong tiles, and so 

on. 

The fourth aspect of the present invention is now described In detail. 

The surface-treating composition according to the fourth aspect of the invention comprises (1) a silicon-containing 
organic f luoropolymer of the general formula (Ix) described hereinbefore in connection with the second aspect of the 
25 inventton. (2) a fluorine-containing organic solvent and (4) an organic solvent [excluding the f luorine-oontaining organic 
solvent (2)]. 

The first component of the surface-treating conr^osition according to the fourth aspect of the invention is a silicon- 
containing organic fluoropolymer (1) of the general formula (Ix). The nx in the general formula (Ix) represents an integer 
of 1 or above. There is no upper llnnit to the value of the nx but it is preferably an integer between 1 and 10, in order to 

30 accomplish the object of the fourth aspect of the inventkm. 

In the fourth aspect of the invention, said silicon-containing organic fluoropolymer (1) may be a mixture of the pol- 
ymers of the general formula (Ix). When said silicon-containing organic fluoropolymer exists as such a mixture, the Hx 
can be expressed in mean. The mean value of the nx is preferably from 1 .3 to 3 and more preferably from 1 .5 to 2.5 in 
view of the object of the fourth aspect of the invention. 

35 The number average molecular weight of said silicon-containing organk; fluoropolymer (1) is preferably from 5xl6^ 
to 1x10^. If it is less than 5x10^. the objective effect of the fourth aspect of the invention will not be expressed. If it 
exceeds 1x10^. processability will be adversely affected. The more preferred molecular weight range is from 1x10^ to 
1x10^ 

The second component of the surface-treating composition according to the fburtii aspect of the invention is a f lu- 
40 orlne-containing organic solvent (2). 

The fluorine-containing organic solvent (2) is not particulariy lintited in kind but includes the species mentioned for 
tiie tiie third aspect of the present invention, among otiiers. Particularly preferred is HCFC225 in which said silicon-con- 
taining organic fluoropolymer (1) is easily soluble and which is readily availabla 

The tiiird component of the surface-treating corrposition according to the fourth aspect of the invention is an 
45 organic solvent (4) [exclusive of said fluorine-containing organic solvent (2)]. This organic solvent (4) is not particularly 
limited in kind but includes alcohols, ketones, esters, and halogenated (exclusive of fluorinated) hydrocarix)ns. among 
others. F^icularly preferred are alcohols. 

Said alcohols are not particulariy limited in kind but Includes monohydric alcohols containing 1 to 8 caftx)n atoms 
and polyhydric ak^ohols such as etiiylene glycol, glycerol, etc.. for example. Among tiiem. preferred are monohydric 
so alcohols containing 1 to 4 cariDon atoms and more prefen-ed are isopropyf alcohol because those akx)hols are readily 
available and good solvents for sakJ silicon-containing organic fluoropolymer (1). 

Among the respective components of the surface-treating composition according to the fourth aspect of the inven- 
tion, both the fluorine-containing organic solvent (2) and the organic solvent (4) serve as solvents for the silicon-con- 
taining organic fluoropolymer (1). Between tiie fluorine-containing organic solvent (2) and the organic solvent (4). the 
55 fluorine-containing organic solvent (2) is conparatively more expensive and the organic solvent (4) is generally less 
expensive. Therefore, the suriace-treating composition of tiie fourth aspect of tiie invention can be provkJed at a rela- 
tively low cost by increasing tiie proportion of the organic solvent (4) to the fluorine-containing organte solvent (2). 

In the surface-treating composition according to the fourth aspect of the present invention, tiie proportion of tiie f lu- 
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orine-containing organic solvent (2) to the organic solvent (4) is preferably within the range of (2):(4) = 1 :99 to 99:1 by 
weight If the proportion of the fluorine-containing organic solvent (2) is smaller than 1 % by weight, the solubility of the 
sDicon-containing organic fluoropolymer (1) will be so low that the desired function of the surfoce-treat'ng composition 
may not be expressed. On the other hand, if the limit of 99 % by weight is exceeded, the production cost of the surface- 
5 treating composition of the invention may not be reasonably controlled. The more prefen-ed ratio is from 1 :99 to 50:50. 

To the surface-treating composition of the fourth aspect of the invention can be added in use finely divided powders 
of a filler. e.g. silica, alumina, titanium dioxide, carbon, cement, etc.; finely divided powders of an altodde of titanium, 
aluminum, silicon, or the like; or finely divided powders of a f tuororesin. e.g. low-molecular-weight potytetraf hioroethyl- 
ene. tetrafluoroethytene-hexafluoropropylene copolymer, etc., as a hardness regulator or extender. In addition, the nec- 
10 essary hardness regulation can t>e achieved by adding a conventional crosslinking agent or a cure catalyst, such as 
water, hydrochloric acid, suHuric add. cart)oxylic acids and sulfonic adds. 

In applying the surfeice-treating conrposition according to the fourth aspect of the invention, the substrate surface 
can be coated with said surface-treating composition. The coating technology used is not particularly limited but typi- 
cally includes tiie various techniques mentioned for the third aspect of the invention. 
15 The fourth aspect of the invention can also be carried into practice by coating an under-layer, which is formed in 
advance on tiie substrate surface front a treating solution comprising a silane compound, with a solvent dilution of said 
silicon-containing organic fluoropolymer. 

Said silane connpound is not particulariy limited in kind but typk»lly indudes the compound (3) mentioned for tfie 
third aspect of the present invention, altiiough tetraethoxysilane is particularly preferred in view of its availability. 
20 The silane compound is diluted witti an organic solvent e.g. methyl alcohol, etiiyl alcohol, isopropyt alcohol, ettiyl 
acetate, acetone, etc.; or water to prepare a solution with a specific concentration. This concentration is not so critical 
but is preferably within the range of 2 to 80 % by weight If it is less tiian 2 % by weight, it will take a long time for a silica 
sol to be formed, while tiie use of a concentration in excess of 80 % by weight will cause an excessive viscosity build- 
up to sacrifice workability. 

2S To tiie above solution Is added a conventional catalyst, e.g. hydrochloric acid, and the mixture is allowed to stand 
to give a silica sol. The sol is ttien diluted with said solvent to a concentration suitable for coating. There is no particular 
limitation on standing time txjt it may for exanple be 2 to 10 days. The concentration after dilution is dependent upon 
the desired thickness of tiie under-layer and may for example be from 0.2 to 2 % by weight. 

Next, tiie substrate surface is coated witii tiie above diluted solution. The coating technology used is not particulariy 
30 limited but includes tiie various techniques mentioned fbr tiie ttiiid aspect of the present invention. By the above proce- 
dure, a silanol polymer gel layer is formed on the substrate suriace. 

The coated sut)strate is tiien heated, whereby an under-layer composed predominantly of silicon oxide is ot^tained. 
The necessary heating temperature varies witii kirxis of tiie substrates but may for example be from 100 to 300 . 
There is no particular limitation on heating time, although it may for example be in tiie range of 10 minutes to 3 hours. 
35 The thickness of tiie under-layer Is not particulariy critical, but is generally wrtiiin the range of from 0.05 to 0.1 ^xm. 

Thereafter, the under-layer constructed as above on tiie substrate surface is coated with said solvent dilution of tiie 
silicon-containing organic fluoropolymer. The coating technology used for this purpose is not particularly limited but 
includes the techniques mentioned for tiie third aspect of tiie present invention. 

The thickness of the layer formed from the suriace-treating composition of ttie fourtii aspect of tiie invention is not 
40 particulariy critical but is preferably from 0.001 to 0.03 )im. If it is less flian 0.001 ^m, the antifouling effect will not be 
suffident. Any ttiickness beyond 0.03 ^ will be too great for practical utility. 

The sitetrate to which tiie suriace-treating metiiod according to the fourth aspect of the invention can be applied 
with advantage indudes ttiose members that are liable to be contaminated in use. 

The following is a partial list of such members: 

45 

Personal accessories such as tie pins, necklaces, pierce-type earrings, ete.; metal or melal-plated products and 
members such as faucets, brasswind and woodwind insbruments. golf clubs, door handles, dumbbells, cutters, etc.; 
ceramic products such as insulators, floor tiles, toilet fixtures, tableware, roofing tiles, etc.; stone products such as 
tombstones, go stones, marbles, eto.; paper products such as wallpaper, screen-door paper, books, posters, pho- 

50 tographs. etc.; leatiier goods such as wallets, boots and shoes, bags, wrist-watch bands, baseball gtoves, etc.; 

Household electrical appliance parts such as fan blades, electronic range door, refrigerator panel, etc.; offk:e equip- 
ment parts such as copying machine contact glass, OHP body mirror, OHP sheet, keyboards, telephone receivers, 
desks, etc.; home utensils and furniture such as glasses, cupboard door, looking glass, window panes, lamp 
shades, chandeliers, etc.; building materials such as show window, telephone box, and water tank glass members; 

55 vehfole parts such as rolling stock glass, coated suriaces of vehicle bodies, eto.; personal artides such as specta- 
cle frames, swimming goggle glass, goggles, helmet dockface glass, etc. ; amusement equipment parts and prod- 
ucts such as pir^all machine glass panels, playing cards, mahjong tiles, ete.; coated suriiaces of furnitore and 
pianos. 



14 



^ EP0844265A1 

The surface-treating method according to the fourth aspect of the invention is characterized in that the antifbuling 
effect is long-lasting and that the surface-treating composition used can be easily prepared. In this respect, the surface- 
treating method according to the fourth aspect of the invention can be applied with particular advantage to the following 
substrates among the above-listed substrates. 
5 Home ware and members such as glasses, cupboard door, looking glass, window panes, lamp shades, chande- 
liers, etc. ; building components and members such as show window, telephone booth, and water tank glass; and vehi- 
cle meni>6rs and parts such as rolling stock glass and coated surfaces of vehicle bodies. 

The fifth aspect of the present Invention is now described in detail. 

The anti-icing agent according to the fifth aspect of the invention comprises a silicon-containing organic fluoropol- 
10 ymer of the general formula (be) described hereinbefore in connection with the second aspect of the present invention. 

In the above general formula (Ix). the nx represents an integer of 1 or above. There is no particular upper limit to 
the value of the nx; however, it is preferably an integer of 1 to 1 0 in order to achieve the object of the fifth aspect of the 
invention. 

The silicon-containing organic f luoropolymer (1) in the fifth aspect of the invention may be a mixture of the polymers 
15 of the above general formula (fx). When the silicon-containing organic f Ujoropolymer exists as a mixture, the nx can be 
expressed in mean. The mean value of the nx is preferably from 1 .3 to 3 and more preferably from 1 .5 to 2.5 in consid- 
eration of the object of the f ifth aspect of the invention. 

The prefenred number average molecular weight of said silicon-containing organic f luoropolymer (1) is from 5x10^ 
to 1 x1 0^. If it is less than 5x1 0^, the desired effect of the fifth aspect of the inventton m^ not be expressed. On the other 
20 hand, rf the upper limit of 1x10^ is exceeded, processabitity will be adversely affected. The more preferred range is from 
IxlO^tolxlol 

To the anti-icing agent of the fifth aspect of the invention can be added finely divided powders of a filler, e.g. silica, 
alumina, titanium dioxide, carbon, cement, etc.; finely divided powders of an alkoxide of titanium, aluminum, silicon, or 
the like; ao finely divided powders of a fluororesin, e.g. low-mdecular^eight polytetrafluoroethylene, tetraf luoroethyl- 
25 ene-hexafluoropropyfene copolymer, etc.. as a hardness regulator or extender. In addition, the necessary hardness can 
be sought by adding a conventional crossiinking agent or cure catalyst, such as water, hydrochtoric acki, sulfuric add. 
cartx»(ylic acids and sulfonic acids. 

In applying tiie anti-icing agent tfie f iftii aspect of tiie invention, tiie sut)strate surface can be coated with said sili- 
con-containing organic f luoropolymer. The coating technology used here is not particularly limited but typically includes 
30 the various techniques mentioned for the third aspect of the Invention. 

Dilution of the polymer with a solvent beforehand makes coating easier. There is no particular limitation on types of 
the solvent used for this purpose. For example, perfluorohexane. perfluoromethylcydohexane. pert luoro-1 ,3-dimethyl- 
cyclohexane, HCFC225, etc. can be mentioned. 

The fifth aspect of the invention can also be carried into practice by coating an under-layer, which is formed in 
35 advance on tiie surface sut>strate from a treating solution conpisirig a sitane compound, with a solvent dilution of said 
silicon-containing organic f luoropolymer. 

Said silane compound is not particularly limited in kind but typically indudes tiie sitane compounds (3) mentioned 
hereinbefore in connection with tiie tiilrd aspect of the present invention, altiiough tetraethoxysilane is particularly pre- 
ferred in view of its availability. 

40 Said silane compound is diluted with an organic solvent e.g. metiiyl alcohol, ethyl alcohol, isopropyl alcohol, etiiyl 
acetate, acetone, eta; or water to prepare a solution witii a specific concentration. This concentration is not so critical 
but is preferably within the range of 2 to 80 % by weight If ft is less ttian 2 % by weight, ft will take a long time for a silica 
sol to form, while tiie use of a concentration in excess of 80 % by weight will cause an excessive visoosfty build-up to 
sacrifice workability. 

45 To the above solution is added a conventional catalyst e.g. hydrochbric add. and tiie mixture is allowed to stand 
so as to give a silica sol. The sol is ttien diluted witii said solvent to a concentration suitable for coating. There is no 
particular limftation on standing time but ft may for example be from 2 to 10 days. The concentration after dilution is 
dependent upon the desired tiiickness of the under-layer but may for example be from 0.2 to 2 % by weight. 

Next the substrate surface is coated wfth said diluted solution. The coating technology used is not particularly lim- 

50 fted but indudes ttie various techniques mentioned for tiie tiiird aspect of the present invention. By the above proce- 
dure, a silanot polymer gel layer is formed on tiie substrate surface. 

The coated substrate is then heated, whereby an under-layer composed predominantly of 8ilkx)n oxide is obtained. 
The necessary heating temperature varies with kinds of the substrate but may for example be from 100 to 300 ""C . 
There is no particular limftation on heating time, afthough ft may for example be in the range of 10 minutes to 3 hours. 

55 The thickness of the under-layer formed is not particularly critical, efther, but is generally wfthin the range of front 0.05 
to 0.1 ^m. 

Thereafter, the under-layer constructed as above on the sidDstrate surface is coated witti sakf solvent dilution of tiie 
silicon^ntaining organic f luoropolymer. The coating technology used for this purpose is not particularly limited but 
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includes the techniques mentioned for the third aspect of the present invention. 

The thickness of the silicon-containing organic f luoropolymer layer formed from the anti-icing agent off the fifth 
aspect of tiie invention is not particularly critical but is preferably from 0.001 to 0.03 ^m. If it is less than 0.001 ^m. tiie 
anti-icing effect will not be sufficient. Any thickness beyond 0.03 ^m will be too great for practical utility. 

5 The substrate to which the anti-icing agent of the fifth aspect of the invention can be applied with advantage is not 
particularly limited in kind but includes ttie members and parts of mobile structures such as cars and rolling stock, air- 
craft, ships, etc.. home and otiier buikJing members, special equipment for freeze-point experiments, and househokl 
electrical appliances such as refrigerators. Particularly, the windshield glass for cars, airplanes, ships, etc. is an Impor- 
tant substrate, for its ice-up may cause an acckient. 

10 The sixtii aspect of the present invention Is now described in detail. 

The water-repellent glass member according to tine sixth aspect of the present Invention comprises a glass sub- 
strate and, as formed on the glass surface, a layer of a silioon-oontalning organic f luoropolymer (Ix) described for tiie 
second aspect of the invention. 

The n^ in tiie above general formula (Ix) represents an integer of 1 or above. There is no upper limit to the value of 

IS tiie nx but it preferably represents an integer between 1 and 1 0 in order to achieve tiie object of the invention. 

The silicon-containing organic f luoropolymer (1) in the sixtti aspect of tiie invention may be a mixture of tiie poly- 
mers of the above general formula (I^O- When the silicon-containing organic f luoropolymer exists as a mixture, tiie nx 
can be expressed in mean. The mean value of ttie nx is preferably front 1 .3 to 3 and more preferably from 1 .5 to 2.5 in 
oonskieration of the object of the sixtii aspect of the invention. 

20 The preferred nunniber average molecular weight of said silicon-containing organic f luoropolymer (1) is from 5x10^ 
to 1x10^. If it is less tiian 5x10^, the desired effect of tiie sixtii aspect of tiie invention may not be expressed. On tiie 
other hand, if tiie upper limit of 1x10^ is exceeded, processability will be adversely affected. The more preferred range 
is from 1x10^ to 1x10^ 

To the silicon-containing organic f luoropolymer can be added in use finely divided powders of a filler, e.g. silica, alu- 

25 mina. titanium dioxxle, cartx>n, cement etc. ; finely divided powders of an alkoxkie of titanium, aluminum, silicon, or tiie 
like; or finely divkied powders of a f luororesin. e.g. low-molecular-weight polytetrafluoroethylene, tetraf luoroethylene- 
hexafluoropropylene copolymer, etc., as a hardness regulator or extender. In addition, the hardness regulation can be 
achieved by adding a conventional crosslinking agent or cure catalyst, such as water, hydrochforic add, sulfuric add. 
caiboxylic ackis and sulfonic acids. 

30 The glass suriace can be coated witii tiie silicon-containing organic f luoropolymer in order to form a te^er of saki 
silicon-containing organic fluoropolymer. The coating technology used here is not particularly limited but typically 
includes the various techniques mentioned for the tiiird aspect of tiie Invention. 

Dilution of the polymer with a solvent makes coating easier. There is no particular limitation on the type of solvent 
used for this purpose. For example, the solvents mentioned for tiie tiiird aspect of tiie invention can be employed. 

35 The sixtii aspect of the invention can also be canied Into practice by coating an under-layer, which is formed in 
advance on tiie substrate suriace from a treating solution of a silane conrpound. witii a solvent dilution of sakI silicon- 
containing organic fluoropolymer. 

Saki silane compound is not particularly limited in kind but typically includes the silane compounds (3) mentioned 
for the third aspect of the invention, although tetraethoxysilane is particularly preferred in view of its availability. 

40 The silane compound is diluted witii an organic solvent. e.g. methyl alcohol, ethyl alcohol, isopropyt alcohol, etfiyl 
acetate, acetone, etc.; or water to prepare a solution witii a specific concentration. This concentration Is not so critical 
but is preferably within the range of 2 to 80 % by weight If it is less ttian 2 % by weight it will take a long, time for a silica 
sol to form, while the use of a concentration in excess off 80 % by weight will cause an excessive viscosity buikl-vp to 
sacrifice workability. 

45 To tiie above solution is added a conventional catalyst, e.g. hydrochloric acid, and the mixture is allowed to stand 
to give a silica sol. The sol is ttien diluted with sakI solvent to a concentration suitable for coating. There Is no particular 
limitation on standing time but it may for example be from 2 to 10 days. The concentration after dilution is dependent 
upon tiie desired tiiickness of ttie under-layer but may for example be from 0.2 to 2 % by weight. 

Next, the sid^strate suriace is coated with saki diluted solution. The coating technology used is not particularly lim- 
,50 ited but indudes ttie various technques mentioned for tiie third aspect of the present inventioa By the above proce- 
dure, a silanol polymer gel layer is formed on the sulisfrate surface. 

The coated substrate is tiien heated, whereby an under-layer composed predominantly of silicon oxide is obtained. 
The necessary heating temperature varies with kinds of tiie substiate but generally may for example be from 100 to 
300''C . There is no particular limitation on heating time, although it may for example be in ttie range of 10 minutes to 3 
55 hours. The thickness of the under-layer formed is not particularly critical, either, but is generally witiiin the range of from 
0.05 to 0.1 ^m. 

Thereafter, ttie under-layer constructed as above on ttie substrate surface is coated witii saki solvent dilution of ttie 
silicon-containing organic fluoropolymer. The coating technotogy used for this purpose Is not partfoulariy limited, eittier. 
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but includes the techniques mentioned for the third aspect of the present invention. 

The thickness of the silicon-containing organic f luoropolymer layer formed for the water-repellent glass member 
according to the sixth aspect of the invention is not particularly critical but is preferably from 0.001 to 0.03 ^m. 

If it is less than 0.001 \an, the water-repellent effect will not be sufficienL Any thickness beyond 0.03 \im will be too 
5 great for practical utility. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following examples and comparative examples are Intended to illustrate ttie present invention in furtiier detail 
10 and should by no means be construed as defining the scope of tiie invention. 

Synthesis Example 1 

A four-necked 2.0-L flask equipped with a stirrer, drip funnel, reflux condenser and tiiermometer was charged witti 
15 261 7 g (10.3 mde) of iodine, 213.2 g (1 .54 mole) of potassium carbonate and 9,000 g of hexachloro-1 .3-butadiene. In 
a nitrogen steam, 4.000 g (1.03 mole) of ©-fluoropolyperfluorooxetaneacyl fluoride of the chemical formula F- 
(CF2CF2CF20)n-CF2CF2COF (average nrx)Iecular weight of 3,900) was added dropwise at a rate of 10 mt/min. with 
maintaining at a system temperature of 160 ""C. 

After completion of dropwise addition, the reaction temperature was increased to ISS^'C and the reaction was car- 
20 ried out for 20 hours. 

After conpletion of the reaction, the system was cooled down and the potassium salt was filtered off. Then, the boX- 
torn layer of tiie liquid phase was separated using a separately funnel. This layer was washed with several portions of 
acetone and dissolved in 1 L of perf luorohexane, and the fine insolutde matter was filtered off using a glass filter. The 
filtrate was distilled under a reduced pressure to renxyve the volatile matter thoroughly to ttiereby recover 3,890 g (95% 
25 yield) of co^uoropolyperf luorooxetane iodide of the chemical formula F-(CF2CF2CF20)n-CF2CF2l. 

Infrared spectrophotometry revealed complete disappearance of the absorption of ••C(=0)F at 1890cm'^ and a new 
absorption of -CF^l at 910 cm'\ 

Syntiiesis Example 2 

30 

A four-necked 200-mL flask equipped witii a stirrer, drip funnel, reflux condenser and tiiermometer was charged 
witii a solution of 40 g of ohfluoropolyperfluorooxetane iodide of the chemical formula F-(CF2CF2CF20)n-CF2CF2l as 
synthesized in Synthesis Example 1 in 80 g of hexafluorotetrachlorobutane [Daiflon Solvent S-316 (manufactured by 
Daikin Kbgyo)] and 1 .5 g (1x1 0'^ mole) of di-t-butyl peroxide. The atmosphere of the system was tiioroughly purged witii 
35 nitrogen gas. Then, 16.1 g (0.10 mole) of vinyltrichtorosilane was added dropwise using tiie drip funnel In a nitrogen 
stream. After completion of dropwise addition, the system temperature was increased to 120 ""C and the reaction was 
carried out for 4 hours. After completion of tiie reaction, tiie volatile fraction was completely distilled off under a reduced 
pressure to provide 38.7 g (90% yield) of iodine-terminated silicon-containing organic f luoropolymer (A). 

40 Synthesis Example 3 

A fbur-nected 200-mL flask equipped with a stiner, drip funnel, reflux condenser and tiiermometer was charged 
witti a solution of 34.4 g (8x10'^ mole) of the silicon-containing organic f luoropolymer (A) synthesized in Synthesis 
Example 2 in 50 g of perf luorohexane. and 2.1 g (3.2x10*^ mole) of zinc was dispersed with intense stinging. After the 
45 system was cooled on an ice-water batii, 1 0 g of anhydrous methanol was added dropwise in a nitrogen stream. 

After completion of dropwise addition, ttie ice-water tiatii was removed and the reaction was canied out under 
reflux for 2 hours. The insoluble matter was tiien filtered off and the bottom layer of ttie liquid phase was separated 
using a separatory funnel. This solution was washed witii 3 portions of anhydrous metiianol and distilled under a 
reduced pressure to remove tiie volatile fraction thoroughly. As a result 31.6 g (92% yield) of a hydrogen-terminated 
so silicon-containing organic fluoropolymer (B) was obtained. 

^H-NMR analysis revealed a broad signal assignable to the hydrogen atoms indicated in tiie following formula at 
1.2 to 3.0 ppm. As measured wfth 5.0 mole % of o-fluoroperfluorooxetane hydrkJe added as an internal standard and 
calculated by means of the fbllowing computation formula, tiie degree of polymerization was 2.0. 

55 
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5 



4 



qi2CH 



SMOCHab 



P 



H 



10 



l/l8-[0.95(3P+1)]/0.05 



I: integral absorption intensity at 1 .2 to 3.0 ppm 
Is: integral absorption intensity of internal standard 
IS P: degree of polymerization 

Synthesis Example 4 

The procedure of Synthesis Example 2 was repeated except that di-t-butyl peroxide was used in a proportion of 
20 0.29 g (2x1 0'^ mole) to provide a silicon-containing organic f luoropolymer (C). 

Synthesis Example 5 

Using the silicon-containing organic fiuoropolymer (C). the procedure of Synthesis Exanple 3 was othenmse 
25 repeated. The degree of polymerization of the resulting silicon-containing organic f hjoropotymer (D) as determined in 
the same manner as in Synthesis Example 3 was 1 .0. 

Example 1 and Comparative Examples 1 and 2 

30 The polymers obtained in Synthesis Examples 3 and 5 and tiie commercial fluorine-containing sllane coupling 
agent KBM7803 [C8Fi7CH2CH2Si(OCH3)3, manufactured by Shin-Etsu Chemical] (hereinafter refen-ed to briefly as the 
commerdai product) were respectively dissolved In perfluorohexane to provide treating solutions with 0.1 % by weight 
concentrations. Meanwhile, substi'ate glass sheets were rinsed with water and. then, washed thoroughly witii methanol 
and acetone. The glass sheets thus prepared were dipped in ttie treating solutions for 1 0 seconds, raised, and air-dried 

3$ for 60 minutes. Then, the sheets were subjected to sonic washing in perfluorohexane for 5 minutes to eliminate the 
excess nnofecules of the treating solutions and. then, air-dried for use in evaluations. 
The evaluations were made by tiie following methods. 

(1) Fingerprint receptivity: 

40 A fingerprint was taken on each sample and the ease of fingerprint taking was visually evaluated. 



45 

(2) Rngerprint erasability: 

The surface of tiie sample used for the evaluation of fingerprint receptivity was wiped witii Kimwipe (Jujo-Kim- 
beriey) in one reciprocation and the ease of erasing the fingerprint was visually evaluated. 



(3) The contact angle for water was measured by sessile drop method with a contact angle microscope (CA-DT. 
ss manufoctured by Kyowa Interface Scientific Instruments). 

The results of the respective evaluations are shown in Table 1 . 



O : The fingerprint can hardly be taken and the impression formed is not conspicuous. 
X : The fingerprint taken is comparable to that on tiie untreated glass sheet 
A : Equivocal 



so 



O : The fingerprint can be completely wiped off. 
A : Traces of the fingerprint remain after wiping. 

X : Traces of tiie fingerprint spread upon wiping and cannot be easily removed. 
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Table 1 





Sample for evalua- 
tion 


Fingerprint receptivity 


Fingerprint erasability 


Contact angle for 
water 


Exainple 1 


Synthesis Example 
3 


O 


0 


113*> 


Comparative Exam- 
ple 1 


Synthesis Example 
5 


A 


O 


110' 


Comparative Exam- 
ple 2 


Commercial product 


A 


X 


110*" 



15 Exanple 2 and Comparative Example 3 

The polymer obtained in Synthesis Example 3 and the commercial product were respectively dissolved in perfluor- 
ohexane to prepare treating solutions with 0.1 % by weight concentrations. Aluminum sheets [0.5 mm, as specified in 
JIS H4000 (A1050P)] as substrates were rinsed with water and then washed well with methanol and acetone. The alu- 
20 minum sheets thus prepared were dipped in the treating solutions, raised, and air-dried for 60 minutes. Tile sheets were 
then subjected to sonic washing in perf luorohexane for 5 minutes to remove the excess molecules of the treating solu- 
tions and air-dried for use in evaluations. 

Comparative Example 4 

25 

Separately, untreated aluminum sheets were provided. 
Evaluations were made according to the following criteria. 

The surface of each sample was repeatedly wiped with a hand-held Kimwipe (Jujo-Kimberley) with a medium 
degree of force in 100 reciprocations. The contact angle for water before wiping and tiie contact angle for water after 
30 completion of wq)ing were respectively measured. The contact angles for water was measured by sessile drop metiiod 
witii a contact angle miaoscope (CA-DX Kyowa Interface Scientific Instruments). 

The results of evaluations are shown in Table 2. 



Table 2 





Sample for evaluation 


Contact angle for water 
before wiping 


Contact angle for water 
after wiping 


Example 2 


Synthesis Example 3 


114» 


108** 


Comparative Example 3 


Commercial product 


111» 




Comparative Example 4 


Untreated sheet 







Example 3 

45 

A treating solution was prepared by mixing 0. 1 % by weight of silicon-containing organic f tuoropolymer (B) synthe- 
sized in Syntiiesis Example 3 witii 99.8 % by weight of HCFC225 and 0. 1 % by weight of tetraetiioxysllane. 

A glass sheet was washed with water and then washed tiioroughly with methanol and acetone. The glass sheets 
thus prepared were dpped in tiie above treating solution for 1 minute, raised, and allowed to stand at 60''C and 80% 
50 RH for 80 minutes. The sheets were ttien washed with HCFC225 well to remove tiie excess molecules of tiie treating 
solution. 

The samples ttius prepared were subjected to an accelerated weatiiering test In the l-super UV tester (SUV-W13, 
manutectured k>y iwasaki Electric) for 161 hours (equivalent to 3.3 years) and tfie contact angles for water were meas> 
ured before and after the test by sessile drop method witii a contact angle microscope (CA-DT, Kyowa Interface Scien- 
55 tific Instruments). The results are Shown in Table 3. 
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Comparative Example 5 

A treating solution prepared in the same manner as in Example 3 except that 0.1 % k)y weight of the silicon- 
containing organic fluoropolymer (B) obtained In Synthesis Example 3 was mixed with 99.9 % by weight of HCFC225. 
5 The treating solution thus prepared was subjected to the saute test as in Example 3. The results are shown in Table 3. 



Tabled 





Contact angle for water 




Before test 


After test 


Example 3 


114^ 


109* 


Comparative Example 5 


112* 


lor 



IS 

Example 4 

A surface-treating composition was prepared by mixing 0.1 % weigfit of the sllicon-Gontaining organic fluoropol- 
ymer (B) witii 99.9 % by weight of a mixture of 10 % by weight of HCFC225 and 90 % by weight of Isopropyl alcohol. 
20 Meanwhile, glass sheets were rinsed with water and then washed thoroughly with methanol and acetona The 
glass sheets thus prepared were dipped in the above surface-treating composition for 1 minute, raised, and allowed to 
stand at GO^'C and 90% RH for 24 hours. The sheets were then washed well with HCFC225 to remove the excess mol- 
ecules of the surface-treating composition. 

25 Comparative Example 6 

A surface-treating composition was prepared by mixing 0.1 % by weight of tiie silicon-containing organic fluoropol- 
ymer (B) with 99.9 % by weight of l-{CFC225 in othenvise the same manner as in Example 4 and subjected to the same 
test as desaibed. The results are shown in Table 4. 

30 



Table4 





Contact an^e fbr water 


Example 4 


IIS* 


Comparative Example 6 


113* 



Comparative Example 7 

40 

It was attempted to prepare a surface-treating composition by mixing 0.1 % by weight of tiie silicon-containing 
organic fluoropolymer (B) witii 99.9 % by weight of isopropyl alcohol. However, the two components were imnrnscible. 
failing to give a useful surfece-treating composition. 

45 Examples 

The polymer obtained In Synthesis Example 3 was dissolved in perfluorohexane to prepare a treating solution witti 
a 0. 1 % by weight concentration. Glass sheets were rinsed with water and then washed thoroughly with mettianol and 
acetone. The glass sheets thus prepared were dipped in ttie above treating solution for 10 seconds, raised, and air- 
so dried fbr 60 minutes. The sheets were then subjected to sonic washing in perfluorohexane for 5 minutes to remove the 
excess molecules of the treating solution and air-dried. 

The treated glass sheets were allowed to stand on dry ice in an atmosphere controlled at 20''C and 70% RH to let 
a deposit of ice form in a thickness of atx)ut 0.2 mm on the glass surface. 

The iced surface of each glass sheet was gentiy rubbed against using a polyetiiylene spatula in a few rectproca- 
55 tions to remove the deposit of ice to evaluate the anti-icing effect The following evaluation criteria were used. 

O ' The deposit of ice can be easily scraped off to expose the glass surfece completely. 
A : The glass surface can be exposed but the deposit of ice remains locally. 
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X : The glass surface cannot be exposed. 



The results are shown in Table 5. 



Comparative Example 8 

The commercial product was dissolved in perfluorohexane to prepare a treating solution with a 0.1 % by weight 
concentration. Meanwhile, glass sheets were rinsed with water and then washed thoroughly with methanol and ace- 
tone. The glass sheets thus prepared were dipped in the above treating solution for 10 seconds, raised, and air-dried 
for 60 minutes. The glass sheets were then subjected to sonic v^shing in perf luaohexane for 5 minutes to remove the 
excess molecules of the treating solution and air-dried. 

The treated glass she^s were allowed to stand on dry ice in an atmosphere controlled at 20'*C and 70% RH to let 
a deposit of ice form In a thickness of about 0.2 mm on the glass surfeca 

The anti-ictng effect was evaluated just as in Example 5. The results are shown in Table 5. 

Comparative Example 9 

Glass sheets, which was rinsed with water and thoroughly washed with methanol and acetone, were allowed to sit 
on dry ice in an atmosphere at 20''C and 70% RH to let deposits of ice form in a thickness of about 0.2 mm. 
The anti-icing effect was evaluated just as In Example 5. The results are shown in Table 5. 



Tables 





Sample 


Evaluation 


Examples 


Synthesis Example 3 


O 


Comparative Example 8 


Commercial product 


A 


Comparative Example 9 




X 



Example 6 and Comparative Example 10 

The polymer obtained in Synthesis Example 3 arid the commercial product were respectively dissolved in perfluor- 
ohexane to prepare treating solutions with 0.1 % by weight concentrations. Meanwhile, glass sheets were rinsed with 
water and then washed thoroughly with methanol and ac^one. The glass sheets thus prepared were dipped in the 
treating solutions for 1 0 seconds, raised, and air-dried for 60 minutes. The sheets were then subjected to sonic washing 
in perfluorohexane for 5 minutes to remove the excess molecules of the treating solution and air-dried fa use in evalu- 
ations. 

The contact angle for water and waterdrop tumbling-down angle were measured by sessile drop method with a con- 
tact angle microscope (CA-DT, Kyowa Interface Scientific Instruments). 

The peel strength was measured with a commercial cellophane tape (18 mm wide, manufectured by Sekisul Chem- 
ical Ca. Ltd.) at a pulling speed of SO mm^second. 



Tables 





Sample 


Contact angle for 
water 


Waterdrop tumk)ling- 
down angle 


Peel strength 


Examples 


Synthesis Example 3 


111^ 




123 g 


Comparative Example 10 


Commercial product 


110** 


^30° 


213g 



INDUSTRIAL APPLICABILITY 

The fluorine-containing polymer according to the first aspect of the present invention, the construction of which has 
been described hereinbefore, is very satisfactory in antifbuting property, particulariy against fingerprint, and contact 
angle for water, so that it can be used with advantage in a broad range of applications such as optical lenses, spectacle 
lenses, and glass, metal, ceramic, and organic parts or members. 
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The antifbuling substrate according to the second aspect of the present invention, the construction of which has 
been described hereinbefore, is very satisfactory in aniifoultng property, particularly against fingerprint, so that is can 
be used with advantage in the fields of glass, resin, metal, ceranrtics, wood, porcelain, stoneware and leather. 

The surface-treating method according to the third aspect of the present invention, the construction of which has 
5 been described hereinbefore, provides a sufficient and lasting antifbuiing effect as well as suffident weatherability and. 
as such, can be used with advantage in the field of products which must be protected against fouling under outdoor and 
other rugged conditions. 

The surface-treating composition according to the fourth aspect of the present invention, ttie construction of which 
has been desaibed hereinbefore, insures a sufficient and long-lasting antifbuling effect as well as high weatherability, 
10 and is inexpensive, so that it is particularly suited for universal use. 

The anti-icing agent according to the fifth aspect of the present invention, the construction of which has been 
desaibed hereinbefore, is effective in preventing deposition of ice and insures ease of removing deposits of ice. 

The water-repellent glass member according to the sixth aspect of tiie present invention, the construction of which 
has been described hereinbefore, is outstanding in durability, surface lubricity and surface antitackiness, besides being 
75 highly water-repellent, so tiiat it can be used with advantage as windshield glass for buildings, cars, shqps, and aircraft, 
among others. 

Claims 

20 1. A silicon-containing organic fluoropolymer represented by the general formula (I), which comprises having a 
number average nwlecular weight of from 5x10^ to 1x10^: 



25 



30 



Rf (OCFjCFtCF^, — / OCFCTjA (0(3^0 • 



\ CF3 A 



# — (0CF2CF^d OCF — (CF^e 

Z 



(I) 




40 



wherein Rf represents perf luoroalky); Z represents f luoro or trifluoromethyl; a, b, c, d and e each independentiy rep- 
resent 0 or an integer of 1 or above, provided ttiata-i-b+c-fd-feisnot less than 1 and the order of ttie repeating 
45 units parenthesized by subscripts a, b, c, d and e occuning in the fomnula is not limited to tiiat shown; Y represents 
hydrogen or alkyt containing 1 to 4 cartx)n atoms; X represents hydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzable substituent group; represents hydrogen or a monovalent hydrocark)on group; i represents 0, 1 or 
2; m represents 1 , 2 or 3; and n represents an integer of 2 or above. 

50 1. k mixture of silicon-containing organic f luoropotymers represented by ttie general formula (la) and having a number 
average molecular weight of from 5x10^ to 1x10^, wherein g is In a mixture of 0 or an integer of 1 or above and ttie 
mean value of the g is greater than 1: 



55 
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Rf — (OCFjCFiCFj), — / OpfCF2\ — (OCF^^ — • 

\ CF, A 



Y 

• — (OCFiCF^j OCF — (CFj^B 4- CH2--C- 



Si— (R%i 

(la) \ (R*)^ /g 



wherein Rf represents pert luoroaikyl ; Z represents f luoro or trif luoromethyl ; a, b, c, d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a + b + c -f d -i- e is not less than 1 and the order of the repeating 
units parenthesized by subscripts a, b, c, d and e occurring in the formula is not limited to that shown; Y represents 
hydrogen or alkyl containing 1 to 4 cart3on atoms; X represents hydrogen, bromo or iodo; represents hydrcncy or 
a hydrolyzable substituent group; R^ represents hydrogen or a monovalent hydrocart>on group; I represents 0, 1 or 
2; and m represents 1 , 2 or 3. 

3. The silicon-containing organic f luoropolymer according to Claim 1 , which is a polymer represented by the general 
fonmula (IQ and having a number average molecular weight of from 5x10^ to 1x10^: 



C^fj — (OCF2CF2CFi)p — 0 — (CFjfe 




wherein p represents an integer of 1 or above; Y represents hydrogen or alkyl containing 1 to 4 carbon atoms; X 
represents hydrogen, bromo or iodo; R^ represents hydroxy or a hydrolyzabli3 substituent group; R^ represents 
hydrogen or a monovalent hydrocart>on group; I represents 0. 1 or 2; m represents 1, 2 or 3; and n represents an 
integerof2orabova 

4. A mixture of silicon-containing organic fluoropolymers represented by the general formula (lla) and having a 
number average molecular weight of from 5x10^ to 1x10^ wherein g Is in a mixture of 0 or an integer of 1 or stooge 
and the mean value of the g is greater than 1 : 



23 



EP0844265A1 



CjF, (OCF2CF^2)p — - O (CF2)2-/-CH2 C 




10 



(na) 

IS 

wherein p represents an integer of 1 or ait>ove; Y represents hydrogen or alkyt containing 1 to 4 carbon atoms; X 
represents hydrogen, bromo or iodo; represents hydroxy or a hydrolyzable substrtuent group; represents 
20 hydrogen or a monovalent hydrocarbon group; 1 represents 0, 1 or 2; and m represents 1 » 2 or 3. 

5. A process for preparing the silicon-containing organic f luoropolymer according to Claim 1 , which comprises react- 
ing an Iodine-terminated organic f luoropolymer represented by the general formula; 

25 

Rf (OCF2CF2CF2)a / O^CFjN (0CT2)c * 

\ CF3 /b 

30 

• (OCFjCFj)^ OCF (CF2)e 1 

Z 

36 

wherein Rf represents perf luoroaikyf ; Z represents f luoro or trif luoromethyl; a, b, c. d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a + b + c + d + e is not less than 1 and the order of the repeating 
units parenthesized by subsaipts a, b. c. d and e occurring in the formula is not limited to that shown; 
40 with a vinylsilane compound represented by the general formula: 

Y 



45 



SO 



wherein Y represents hydrogen or aikyi containing 1 to 4 carbon atoms; R^ represents hydroxy or a hydrolyzable 
55 substrtuent group; R^ represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 2; and m rep- 
resents 1,2 or 3. 

6. A process for preparing the mixture of sificon-containing organic f luoropolymers according to Claim 2, which com- 



24 





EP0844 265A1 



prises reacting an lodine-tentiinated organic fluoropolymer represented the general formula; 



Rf (OCF2CF2CF2)t 




(0CF2)c ♦ 



(OCFiCFj)^ OCF (CF2)e 



I 



Z 



wherein Rf represents pert luoroalkyt; Z represents f luoro or trifluoromethyl; a, b, c, d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a + b + c-i-d-i-elsnot less than 1 and the order of the repeating 
units parenthesized by subscripts a, b^ c, d and e occurring in the formula is not limited to that shown; 
with a vinylsllane compound represented by the general formula: 



wherein Y represents hydrogen or alkyi containing 1 to 4 cart)on atoms; R ' represents hydroxy or a hydrolyzable 
substituent group; R^ represents hydrogen or a monovalent hydrocaitx>n group; I represents 0, 1 or 2; and m rep- 
resents 1, 2 or 3. 

An antrfouling sut>strate which comprises a substrate and. as formed on the surface thereof, a layer of a silicon-con- 
taining organic fluoropolymer represented by the general formula (ix) and having a number average molecular 
weight of from 5x10^ to 1x10®: 



Y 



CH2=C 



(CH2)| 
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Rf (OCF2CF2CF2), / OCFCFaW (OCF2), . 

\ CF3 /»> 



♦ — (OCFaCFj)^ — OCF — (CFa), -j- CHj— C \-X 

Z I (CH2), 



Si— (R>)r 

(Ix) \ (R2)3.« /n. 



wherein Rf represents pert luoroalkyi; Z represents f luoro or trifluoronriethyf ; a. b. c. d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a + b + c + d + elsnot less than 1 and the order of the repeating 
units parenthesized by sut)scripts a, b, c, d and e occurring in the fbmiula is not limited to that shown; Y represents 
hydrogen or alkyi containing 1 to 4 cartx)n atoms; X represents hydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzable substituent group: represents hydrogen or a monovalent hydrocarbon group; I represents 0» 1 or 
2; m represents 1 , 2 or 3; and nx represents an integer of 1 or abov& 

A surface-treating method for a substrate, which comprises coating the substrate surface with a treating solution 
comprising (1) a silicon-containing organic fluoropolymer represented by the general formula (Ix). (2) a fluorine- 
containing organic solvent and (3) a silane compound [excepting said silicon-containing aganic fluoropolymer (1)]: 



Rf — (OCF2CF2CF2)a — / 0CFCF2\ — (0CF2)c — • 



V CF3 A 



* — (OCF2CF2)d OCF — (CF2)e 

Z 




(Ix) 



wherein Rf represents pert luoroalkyi; Z represents f luoro or triftuoromethyl; a, b, c, d and e each Independently rep- 
resent 0 or an integer of 1 or above, provided that a-t-b+c+d-i-eisnotless than 1 and the order of the repeating 
units parenthesized by subscripts a. b, c, d and e occurring in the fbmiula is not limited to that shown; Y represents 
hydrogen or alkyI containing 1 to 4 carbon atoms; X represents hydrogen, bromo or Iodo; R^ represents hydroxy or 
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a hydrolyzable substituent group; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 
2; m represents 1, 2 or 3; and nx represents an integer of 1 or above. . 

9. A surface-treating method for a sutistrate, which comprises coating the substrate surface with a treating solution 
(N) comprising (3) a silane compound [excepting a silicon-containing organic fluoropolymer (1) represented by the 
general fonnula (ix)] for forming an under-l^er, and then coating the under-l^er with a treating solution (M) com- 
prising (1) the silicon-containing organic fluoropolymer and (2) a fluorine-containing organic solvent: 



Rf (OCF2CF2CF2)i / 0CFCF2\ — (OCF^c' 

\ CF3 A 



Y 
I 



• — (OCFjCFj)^ OCF — (CF2)e f CHj— O 



(Ix) 




I 

(CH2)o 



(R') 



3-m 



mi 
Ax 



wherein Rf represents perfluoroalkyl; Z represents f iuoro or trif iuoromethyi; a, b. c. d and e each independently rep- 
resent 0 or an Integer of 1 or above, provided thata+b+c-i-d-i-eisnot less than 1 and the order of the repeating 
units parenthesized by sulsscripts a, b, c, d and e occurring in the formula is not limited to that shown; Y represents 
hydrogen or alkyl containing 1 to 4 cart)on atoms; X represents hydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzable substituent group; R^ represents hydrogen or a monovalent hydrocart>on group; 1 represents 0, 1 or 
2; m represents 1 , 2 or 3; and nx represents an Integer of 1 or above. 

10. A surface-treating composition which comprises (1) a silicon-containing organic fluoropolymer represented by the 
general formula (Ix). (2) a fluorine-containing organic solvent and (4) an organic solvent [excepting said fluorine- 
containing organic solvent (2)]: 



Rf — (OCFjCFjCFj), — / OCFCFaN — (OCPz)c • 

\ CF3 A 



t — (OCF2CF2)d — OCF 
Z 



(IX) 



— (CF2)e /cHj— 



v 
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wherein Rf represents pert luoroalkyi; Z represents f luoro or trif luoromethyl; a, b» c, d and e each independently rep* 
resent 0 or an integer of 1 or above, provided that a + b + c + d-feisnot less than 1 and the order of the repeating 
units parenthesized subscripts a, b, c, d and e occurring in the fonmita is not limited to that shown; Y represents 
hydrogen or all^ containing 1 to 4 carbon atoms; X represents hydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzable substituent group; represents hydrogen or a monovalent hydrocarbon group; I represents 0, 1 or 
2; m represents 1 , 2 or 3; and n^ represents an integer of 1 or abova 

11. The surfece-treating composition according to Claim 10, wherein the organic solvent (4) [excepting the fluorine- 
containing organic solvent (2)] is alcohols. 

1 2. An anti-idng agent which comprises a silicon-containing organic f luoropolymer represented by the general fbnnula 
(be): 



Rf — (OCF2CF2CF2). / 0CFCF2\ — (0CF2)c ♦ 

\ CF3 A 



♦ — (OCF2CT2)d — OCF — (CF2)e 
Z 




wherein Rf represents perfluoroalkyi; Z represents f luoro or trifluoromethyl; a, b, c, d and e each independently rep- 
resent 0 or an Integer of 1 orabove,providedthata + b-i-c-f d + eis not less than 1 and the order of the repeating 
units parenthesized by subscripts a, b. c, d and e occun^ing in the formula is not limited to that shown; Y represents 
hydrogen or alkyt containing 1 to 4 carbon atoms; X represents hydrogen, bromo or iodo; R^ represents hydroxy or 
a hydrolyzable substituent group; R^ represents hydrogen or a monovalent hydrocartxxi group; I represents 0, 1 or 
2; m represents 1 , 2 or 3; and n^ represents an Integer of 1 or abova 

13. A water-repellent glass member which comprises a glass substrate and. as formed on the glass surfece. a layer of 
a silicon-containing organic f luoropolymer represented by the general formula (bO: 
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Rf (OCF2CF2CF2), 



\ CF3 A 



— (0CF2)e 



* — (OCFiCFj)^ OCF (CF2), 



(be) 




CH2— O 



(CH2), 



(R^)3* 



Si--(R»), 




wherein Rf represents perf luoroalkyt; Z represents fluoro or trrfluoromethyl; a, b. c. d and e each independently rep- 
resent 0 or an integer of 1 or above, provided that a + b + c+d + eisnot less than 1 and the order of the repeating 
units parenthesized by subscripts a, b, c, d and e occuning in the Ibnnuia is not limited to that shown; Y represents 
hydrogen or alky! containing 1 to 4 carbon atoms: X represents hydrogen, bromo or iodo; represents hydroxy or 
a hydrolyzable substituent group; R^ represents hydrogen or a mono^lent hydrocarbon group; I represents 0, 1 or 
2;mrepresents 1, 2 or 3; and nx represents an integer ofl or abova 

14. The water-repellent glass member according to Claim 13, which Is used In vehicles. 
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